FIBER OPTICS FERRULE CALIBRATING 
INSTRUMENT AND FIBER OPTICS FERRULE PRECISION 
IMPROVEMENT APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

The present invention relates to a fiber optics ferrule 
calibrating instrument and fiber optics ferrule precision 
improvement apparatus. The fabrication of the ceramic fiber optics 
calibrating axle includes the steps of ceramic powder pre-treatment 
process, ceramic powder activation process, blank axle body 
formation process, sintering process, and high-precision grinding 
process. 

2. Description of the Related Art: 

Following fast development of communication technology, 
the establishment of telephone and network communication 
facilities shortens the distance between people. The transmission 
of signals between communication facilities may be made through 
either of two ways, i.e., the wired transmission method and the 
wireless transmission method. The wired transmission method is 
stable and effective. The wireless transmission method is not 
absolutely free from the affect of weather and geology. The wired 
transmission method uses a cable as a medium to transmit 



electronic or optical signal. The transmission of optical signal can 
be as fast as N 11 bit-per-second. The cable for the transmission of 
optical signal is fiber optics. Fiber optics provides the advantages 
of wide bandwidth, light in weight, high accuracy of signal 
transmission, high stability of signal transmission, and EMI 
(electromagnetic interference) prevention. The units at the ends of 
fiber optics are the ph<M|transmitter module and the photo receiver 
module. Photo signals transmitted from the photo transmitter 
module to the photo receiver module through the fiber optics. The 
photo transmitter module and the photo receiver module commonly 
comprise a casing, and a light emitting element or light receiving 
element. The casing comprises a fiber optics ferrule adapted to 
receive one end of a singlemode or multimode fiber optics. The 
light emitting element of the photo transmitter module can be a 
light emitting diode or laser diode mounted in a receiving chamber 
in a base at the bottom side of the casing. The photo receiving 
element of the photo receiver module is a photo diode. The 
tolerance of the inner diameter of the fiber optics ferrule is critical, 
i.e., within 0.5-l.Ojim. Conventionally, a metal fiber optics ferrule 
calibrating axle is used to calibrate the inner diameter and 
concentricity of the nickel-plated fiber optics ferrule. A metal fiber 
optics ferrule calibrating axle is a rod member made of hard metal, 
for example, stainless steel or carbon steel. However, the use of a 



metal fiber optics ferrule calibrating axle may damage the nickel 
coating in the inner diameter of the nickel-plated fiber optics 
ferrule. Furthermore, the investment of a new fiber optics ferrule 
calibrating instrument is quite expensive. 
SUMMARY OF THE INVENTION 

The present invention has been accomplished under the 
circumstances in view. It is one object of the present invention to 
provide an automatic equipment, which uses a high-precision 
ceramic fiber optics ferrule calibrating axle to calibrate the true 
roundness and dimension precision of fiber optics ferrules 
efficiently. It is another object of the present invention' to provide a 
fiber optics ferrule calibrating instrument, which automatically 
efficiently calibrates the dimensional tolerance and true roundness 
of the inner diameter of fiber optics ferrules. According to one 
aspect of the present invention, the fiber optics ferrule calibrating 
instrument is controlled to insert a ceramic fiber optics ferrule 
calibrating axle into the inner diameter or onto the outer diameter 
of a fiber optics ferrule, so as to expand the inner diameter or 
compress the outer diameter of the fiber optics ferrule, calibrating 
the inner diameter or outer diameter of the fiber optics ferrule to 
the dimension tolerance and roundness approximately equal to the 
ceramic fiber optics ferrule calibrating axle, and keeping the 
tolerance of the fiber optics ferrule within 1-3 fim. According to 



another aspect of the present invention, the fabrication of the 
ceramic fiber optics calibrating axle includes the steps of ceramic 
powder pre-treatment process, ceramic powder activation process, 
blank axle body formation process, sintering process, and high- 
5 precision grinding process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a ceramic fiber optics ferrule calibration axle 
manufacturing flow according to the present invention. 

FIG. 2 is a block diagram showing the architecture of a 
10 fiber optics ferrule calibrating instrument according to the present 
invention. 

FIG. 3 is an elevational view of the fiber optics ferrule 
calibrating instrument according to the present invention. 
FIG. 3A is an enlarged view of a part of FIG. 3. 
15 FIG. 4 is a sectional view of a fiber optics ferrule and a 

ceramic fiber optics ferrule calibration axle according to the 
present invention. 

FIG. 5 is a comparison table showing the calibration results 
obtained from a ceramic fiber optics ferrule calibration axle of the 
20 present invention and a metal fiber optics ferrule calibration axle 
of the prior art design. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring to FIG. 1, the method of fabricating a ceramic 



fiber optics ferrule calibration axle 16 for use in a fiber optics 
ferrule calibrating instrument in accordance with the present 
invention includes the steps of ceramic powder pre-treatment 
process 11, ceramic powder activation process 12, blank axle body 
formation process 13, sintering process 14, and high-precision 
grinding process 15. 

The ceramic powder to be used for making the desired 
ceramic fiber optics ferrule calibration axle 16 is obtained from 
oxide compound (for example, A1 2 0 3 , Zr0 2 , ...), carbon compound 
(for example, SiC, TiC, WC, B 4 C, ...), nitrogen compound (for 
example, TiN, BN, Si 3 N 4 , ...), boride (for example, TiB 2 ), diamond 
powder, or a mixture of a part of these materials. Preferably, the 
ceramic powder is obtained from Zr0 2 . The ceramic powder is than 
processed through the ceramic powder pre-treatment process 11 and 
the ceramic powder activation procedure 12, and then molded into a 
blank axle body through the blank axle body formation procedure 
13. The blank axle body formation process 13 may be a die casting 
process, dry sand molding process, extruding process, injection- 
molding process, hot press molding process, cold press molding 
process, etc. According to the present invention, an injection- 
molding process is employed to mold the prepared ceramic powder 
into a blank axle body. The blank axle body thus obtained is then 
sintered into a hard axle of relative density within 40%~100%. 



Following the increasing of relative density, the service life and 
precision of the axle are relatively improved. The hard axle thus 
obtained is then processed into the desired ceramic fiber optics 
ferrule calibration axle 16 through the high-precision grinding 
5 process 15 (mirror grinding process). 

Referring to FIGS. From 2 through 4, the toleration of the 
ceramic fiber optics ferrule calibration axle 16 obtained subject to 
the aforesaid ceramic fiber optics ferrule calibration axle 
u fabrication method is approximately equal to the bore of a standard 

Q 10 fiber optics ferrule 3 (0.5-1. Ofam). The ceramic fiber optics ferrule 
fi calibration axle 16 thus obtained is than installed in a fiber optics 

J ferrule calibrating instrument 2 for calibrating the precision of a 

fiber optics ferrule 3. 
K Referring to FIGS. From 2 through 4 again, the fiber optics 

nj 15 ferrule calibrating instrument 2 comprises a high-precision ceramic 
calibrating unit 21, a metal casing positioning unit 22, a ceramic 
purification high pressure gas source unit 23, a laser caliber gauge 
24, a power unit 25, an auto feed control unit 26, and an auto 
feedback control unit 27. This design can be performed with one 
20 single calibrating axle or multiple calibrating axles, to improve the 
productivity, shorten the working time, and reduce the cost. The 
main functions of the major parts of the fiber optics ferrule 
calibrating instrument 2 are outlined hereinafter. 



High-precision ceramic calibrating unit 21:This unit is 
adapted to automatically load the selected high-precision 
ceramic fiber optics ferrule calibration axle 16 into position, 
to set the stroke of the high-precision ceramic fiber optics 
ferrule calibration axle 16 subject to the predetermined 
calibrating depth (by means of the control of a computer) 
after its loading, and to automatically replace the high- 
precision ceramic fiber optics ferrule calibration axle 16 
subject to the detection of the laser caliber gauge 24 when the 
wear rate of the high-precision ceramic fiber optics ferrule 
calibration axle 16 surpassed the wear allowance. 
Metal casing positioning unit 22: This unit is adapted to fix 
the metal casing of the fiber optics ferrule 3 to be calibrated 
in position, enabling the auto feed control unit 26 to 
automatically move the metal casing of the fiber optics 
ferrule 3 into the calibrating position. 

Ceramic purification high pressure gas source unit 23: This 
unit is adapted to remove dust or metal chip from the high- 
precision ceramic fiber optics ferrule calibration axle 16 in 
use after each calibrating action, eliminating variation of 
tolerance. 

Laser caliber gauge 24: This gauge is adapted to detect the 
dimensional tolerance of the high-precision ceramic fiber 



optics ferrule calibration axle 16 in use, and to feedback the 
detection data to the data file, enabling the high-precision 
ceramic calibrating unit 21 to automatically replace the 
high-precision ceramic fiber optics ferrule calibration axle 16 
when the wear rate of the high-precision ceramic fiber optics 
ferrule calibration axle 16 surpassed the wear allowance. 

(E) Power unit 25: This unit provides the whole system with the 
necessary working power. 

(F) Auto feed control unit 26: This unit is adapted to 
automatically move the metal casing of the fiber optics 
ferrule 3 into the calibrating position for calibration. 

(G) Auto feedback control unit 27: This unit is adapted to receive 
and analyze all system signal data, and to output the accurate 
operation signal subject to the analyzed result. 

FIGS. 3 and 3A show a miniature form of the manual 
control fiber optics ferrule calibrating instrument 2. The process of 
operating the manual control fiber optics ferrule calibrating 
instrument 2 to calibrate a fiber optics ferrule 3 comprises the steps 
of: 

(1) putting the fiber optics ferrule calibration axle in the 
high-precision ceramic calibrating unit 21 of the manual 
control fiber optics ferrule calibrating instrument 2; 

(2) setting the down stroke of the high-precision ceramic 



calibrating unit 21; 

(3) putting the fiber optics ferrule 3 to be calibrated in the 
metal casing positioning unit 22 in the calibrating 
position; 

(4) driving the power unit 25 to move the high-precision 
ceramic calibrating unit 21, causing the fiber optics 
ferrule calibration axle to be inserted into the caliber of 
the fiber optics ferrule 3, and then driving the power unit 
25 to move the high-precision ceramic calibrating unit 21, 
causing the fiber optics ferrule calibration axle to be 
lifted from the caliber of the fiber optics ferrule 3; 

(5) removing the calibrated fiber optics ferrule 3 from the 
metal casing positioning unit 2, and then putting another 
calibrated fiber optics ferrule 3 to be calibrated in the 
metal casing positioning unit 22 for calibration; 

(6) operating the ceramic purification high pressure gas 
source unit 23 (for example, high pressure inert gas 
source) to remove dust and metal chip from the fiber 
optics ferrule calibration axle; 

(7) repeating the aforesaid steps until the laser caliber gauge 
24 detected the wear rate of the fiber optics ferrule 
calibration axle 16 surpassed the wear allowance. 

When a high-precision ceramic fiber optics ferrule 



calibration axle 16 of the present invention and a metal fiber optics 
ferrule calibration axle of the prior art design respectively used 
with the aforesaid manual control fiber optics ferrule calibrating 
instrument 2 to calibrate fiber optics ferrules, the high-precision 
ceramic fiber optics ferrule calibration axle 16 shows a result 
better than the metal fiber optics ferrule calibration axle of the 
prior art design (see FIG. 5). As indicated, the outer diameter of the 
ceramic fiber optics ferrule calibrating axle 16 is 2.5126mm; the 
inner diameter of the fiber optics ferrule 3 is 2.4981mm; the single 
side deformation area is 0.00725mm (about 7/zm); the actual 
deformation area is 0.00455mm (about 4.5 fim) when returned after 
removal of the calibrating axle; the returned rate of zinc material of 
the nickel-plated layer is 6%~7%; the outer diameter of the fiber 
optics ferrule (SM model) 3 is 2.499mm; the tolerance of the fiber 
optics ferrule 3 after calibration is 0.0045mm (4.5 ju m). The 
aforesaid test indicates that effectively controlling the outer 
diameter of the ceramic fiber optics ferrule calibration axle 16 
effectively controls the toleration of the caliber of the fiber optics 
ferrule 3. 

Further, the hardness of ceramic material (over HV1000) is 
superior to nickel plated zinc cast member (below HV200). 
Therefore, the service life of the ceramic fiber optics ferrule 
calibration axle 16 is much longer than a conventional metal fiber 

10 



optics ferrule calibration axle. According to tests, a conventional 
metal fiber optics ferrule calibration axle is applicable for 1-200 
tests, and a high-precision ceramic fiber optics ferrule calibration 
axle 16 of the present invention is applicable for more than 1500 
tests. After calibration with a metal fiber optics ferrule calibrating 
axle, the inner diameter of the calibrated fiber optics ferrule may 
produce an oxidized layer, or the surface of the inner diameter of 
the calibrated fiber optics ferrule may be powdered. 

According to the aforesaid test, ceramic block material 
shows a satisfactory result. Thin film material can also achieve the 
same effect. Metal material of low coefficient of expansion such as 
Invar (36Ni-Fe), Super Invar (32Ni-0.35Mn-0.3 Si-Fe), Kovar 
(29Ni-17Co-Fe), thermosetting plastics, thermoplastic plastics, 
ceramic material, glass ceramics (silicate glass, sodium glass, 
sodium calcium glass, lead glass, borax glass, phosphate glass, 
aluminate glass), glass ceramics of low coefficient of expansion 
(for example, LAS), ceramic materials of low hardness (for 
example, Ti0 2 , MgO, Si0 2 ) may be used as base material for the 
casing for fiber optics ferrule 3, and than coated with a layer of 
oxide coating, carbon coating, nitrogen coating, diamond coating, 
or artificial diamond coating to eliminate the drawback of using a 
metal calibrating axle independently. Further, the ceramic fiber 
optics ferrule calibrating axle 16 can be made having a bottom 



recess adapted for calibrating the outer diameter of the fiber optics 
ferrule 3. 

Although a particular embodiment of the invention has been 
described in detail for purposes of illustration, various 
modifications and enhancements may be made without departing 
from the spirit and scope of the invention. Accordingly, the 
invention is not to be limited except as by the appended claims. 
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